determined. Optimization of these parameters led to 11% increase in 25 antibiotic activit y with a mean zone of inhibition of 42 mm. 26
Highest antibiotic production was obtained at 250 rpm for 14 days with 27 optimum temperature of 28 o C and pH 7. Kuster's modified medium 28 containing gl ycerol 0.7% (v/v), casein 0.03% (w/v), NaCl 0% (w/v), 29 phosphate 0.25% (w/v), KNO 3 0.1% (w/v) . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  
Introduction 62 63
Novel antibiotics are continuo usl y in demand due to the inevitable 64 rise of antibiotic -resistant strains of pathogenic bacteria, reducing 65 morbidit y and mortalit y of life 's expectancy (Fischbach and Walsh 2009 ) . 66
Among the pathogenic bacteria Staphylococcus citreus needs a special 67 mention on account of its pathogenicit y. 68
S. citreus, a virulent strain has risen due to spontaneous split off of 69 pure line strains of pathogenic S. aureus (Pinner and Voldrich 1932) 70 which causes skin infections, pneumonia, meningitis, endocarditis, toxic 71 shock syndrome, septicemia and arthritis (Dilsen et al . 1961; Chambers 72 2001) . 73
Research done to harness potential drug candidates against this 74 pathogen has not been reported , although concerted efforts to harness 75 potential drugs against multi drug resistant st rains of Staphylococcus 76 aureus such as MRSA is underway (Demain and Sanchez 2009) . 77
Actinobacteria have proven to be prolific producers of secondary 78 metabolites among all microbial organisms , accounting for 45% of all 79 microbial metabolites of whic h 80% (7,600 compounds) are produced by 80 genus Streptomyces (Berdy 2005) . 81
According to Watve et al. (2001) 
predictive modeling of genus 82
Streptomyces suggests that over 150,000 bioactive metabolites from this 83 genus still needs to be discovered. 84
. CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  Antibiotic biosyn thesis in Streptomycetes has been reported to be 85 highl y dependent on the nutritional and physiological factors prevailing 86 during its growth as it helps in cell proliferation which expresses genetic 87 information favoring seco ndary metabolism (Abbanat et al . 1999) .These 88 metabolic processes are species specific and can be enhanced or 89 minimized under different physiological condition s (Yarbrough et al. 90 1992; Abbanat et al. 1999 ; Selvin et al. 2009; Visalakchi and Muthumary 91 2009; Rezuanul et al. 2009; Elleuch et al. 2010; Nanjwade et al. 2010; 92 Panda et al. 2011; Chhabra and Keasling 2011; Darabpour et al. 2012; 93 Mangamuri et al. 2012; Singh and Rai 2012; Luthra and Dubey 2012; 94 Gunda and Charya 2013 ). Thus, it is essential to standardize growth 95 conditions of the producer strain, for maximum synthesis of its bioactive 96 molecules (Sujatha et al . 2005; Olmos et al. 2013) . 97
Classical strain improvement despite being laborious and t ime 98 consuming is still widel y used due to its high success rate behind 99 improved production titers of antibiotics such as penicillin, cephalosporin 100 C, t ylosin, salinom ycin, chlortetracycline and tetracycline (Chhabra and 101
Keasling 2011). 102
In the course of screening actinobacteria for antibiotic compounds, 103 a strain identified as Streptomyces parvulus showed broad spectrum 104 activit y as revealed by perpendicular streak (Badji et al. 2007 ) and agar 105 well diffusion method (Devillers et al. 1989 The morphological and cultural charact eristics of the strain CFA -9 were 124 studied by using t raditional criteria of classification (Locci 1989; Cross 125 and Goodfellow 1973) . The micromorphological studies were done using 126 light and scanning electron microscopy (SEM) ( Williams and Davies 127 1967) . 128
For molecular identification, genomic DNA of the strain was 129 extracted and its qualit y was evaluated as a single distinct band on 1.2% 130 . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  agarose gel. The fragment 16S rR NA gene was amplified by PCR and the 131 amplicon was purified to remove contaminants . Forward and reverse DNA 132 sequencing reaction of PCR amplicon was carried out with 8F and 1492R 133 primers using BDT v3.1 cycle sequencing kit on ABI 3730xl Genetic 134 anal yser. Consensus sequence of 1347bp 16S rRNA gene was generated 135 from forward and reverse sequence data using aligner software. This work 136 was done at Xcelris Labs Ltd. (www.xcelerislabs.com) . The sequence has 137 been deposited in Genebank database 138 (http://www.ncbi.nlm.nih.gov/genbank/submit). 139
Phylogenetic anal yses were conducted using MEGA v5 (Tamura et 140 al. 2011 The culture broth was subjected to cent rifugation at 4000 g for 20 min to 170 obtain a CFC. Medium for bioassay was Muller Hinton agar (Himedia veg, 171 Mumbai, India). Three cores of 6 mm diameter were excised from the 172
Mueller Hinton agar plates , pre-seeded with the test organism using 173 sterile swabs. The wells were fill ed with the supernatant (50-70 μl) using 174 Accupipet model T1000 (Tarsons Products Pvt. Ltd., Kolkata, India ).The 175 . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  plates were incubated at 28°C for 48h and inhibition zones (ZOI) To study the effect of incubation period on antibiotic production,10 197 ml aliquot of the culture broth was collected asepticall y at regular 198 . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a
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NaCl concentration (ppm) 214 215
The effect of sodium chloride on antibiotic pro duction was studied 216 using different salinity concentrations of 0; 10,000; 15,000; 20,000; 217 25,000; 30,000 and 35,000 ppm. NaCl concentration of 20,000 ppm was 218 kept as control. 219 220 221 222
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Organic Carbon and Nitrogen source (%) 223 224
To study the influence of carb on and nitrogen source on antibiotic 225 production, varied concentrations of the respective sources were tested. 226
Gl ycerol being the sole organic carbon source of the Kuster's broth 227 medium was studied using its varied concentration of 0.5, 0.6, 0.7, 0. The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  The strain exhibited grey aerial m ycelium , with spiral spore chains and 269 produced a bright yellow pigment and was identified as Streptomyces 270 parvulus, with gene bank accession number of KC904376 (Fig. 1) The maximum antibiotic production resulting in a mean ZOI of 35 277 mm was recorded over a period of 14 days. The activit y was observed 278 from the 4 th day of incubation and reached a maximum on the 14 t h day 279 showing significant variation (p ≤ 0.05 ). Thereafter, with the increase in 280 incubation period, the ant ibiotic production decreased (Fig. 2) . 281 282
Temperature 283 284
As seen in the Fig. 3 , incremental temperature rise led to an 285 increase in the antibiotic production till it reached the optimum, further 286 increase in temperature was accompanied by a decrease in t he antibiotic 287 production. Maximum yield of bioactive metabolites was observed when 288 the strain was cultured at optimum temperature of 28 o C with a mean ZOI 289 of 37 mm which was significant (p ≤ 0.05). 25 o C and 32 o C also showed an 290 . CC-BY-NC-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  appreciable mean ZOI of 29 and 32 mm respectivel y. The lowest mean 291 ZOI of 24 mm was observed at 37 o C (Fig. 3) . 292 293
pH 294 295
Maximum antibiotic activit y occurred at pH 7.0 , exhibiting mean 296 ZOI of 37 mm which was signifi cant (p ≤ 0.05) . No antibiotic production 297 was observed at pH 3, 4 and 11. Increasing the pH value led to an increase 298 in the antibiotic production up to certain threshold limit and further 299
increase in values resulted in decrease in the antibiotic production ( Fig.  300   4) . 301 302
NaCl concentration 303 304
Maximum antibiotic production in terms of mean ZOI of 37 mm, 305 was obtained without NaCl and was significant (p ≤ 0.05) . A significant 306 difference was found over control (20,000 ppm concentration ) exhibiting 307 a mean ZO I of 33 mm. However activit y was observed at all concentration 308 of NaCl (Fig. 5) . 309 310
Organic Carbon and Nitrogen concentration (%) 311 312
The onset and intensit y of secondary metabolism is dependent on 313 various nutritional factors like carbon and nitrogen sources. 314 increase in values from 0.8-1.2% resulted in its decrease (Fig. 6) . 319
Maximum antibiotic activit y was observed with 0.03% casein 320
concentration showing a mean ZOI of 39 mm and was significant (p ≤ 321 0.05). However, other concentration of casein also favoured the 322 production of antib iotic compounds (Fig. 7) . 323 phosphate exhibiting an appreciable ZOI (Fig. 8) . 330 331
Inorganic Nitrogen and Carbon concentration (%) 332 333
Maximum antibiotic activit y was observed with its 0.1% KNO 3 334 concentration exhibiting a mean ZOI of 36 mm which was much higher to 335 that of control (0.2%) with a mean ZOI of 29 mm and was significant (p ≤ 336 0.05) (Fig. 9) . 337 .
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Maximum antibioti c activit y was observed with 0.0015 % and 0.002% 338 CaCO 3 concentration with a mean ZOI of 37 mm in both cases and was 339 significant (p ≤ 0.05) (Fig. 10) . 340 23, 2016; However, studies by Genillou d et al. (2011) have shown that inspite of 359 taxonomic relatedness of thes e strains, the conditions for antibiotic 360 production were strain dependent. 361
Period of incubation had a profound effect on antib iotic production 362 with maximum zone of inhibition exhibited after 14 days. Further increase 363 in incubation period led to decrease in the antibiotic production which is 364 in accordance to the previous studies reporting that antibiotic production 365 usuall y occurs in late exponential and stationary phase (El-Nasser et al. 366
2010; Singh and Rai 2012). 367
Maximum antibiotic production at 28°C was in agreement to the 368 previous reports indicating that optimal temperature for antibiotic 369 production is usuall y in the range of 26°C to 35°C exhibited by several 370 Antibiotic production in the present study was affected by change in 375 pH of growth medium which is a significant factor a ffecting nutrient 376 solubilit y and uptake, enz yme act ivit y, cell membrane morphology by 377 product formation and oxidative reduction reactions (Bajaj et al. 2009; 378 Vijayabharathi et al . 2012 ). This study found pH 7 as the optimum for 379 antibiotic production and de crease or increase in these values led to 380 complete loss of antibiotic production. Thus the data, is in accordance to 381 .
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  the previous reports illustrating pH 7 as optimal for enhancing antibiotic to Shikura et al (2002) , when gl ycerol is used as the precursor, it forms a 400 β-ketoacyl-CoA, a process similar to pol yketide biosynthesis where a 401 dihydrox yacetone-t ype-C 3 unit is derived from gl yce rol to create a β -keto 402 ester leading to a γ -but yrolactone autoregulators which is regarded as 403 .
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/060392 doi: bioRxiv preprint first posted online Jun. 23, 2016;  Streptomyces hormones that trigger the onset of secondary metabolism in 404 general and that of antibiotic production in particular. 405
Other than the carbon, assimilation of nitrogen source is also 406 crucial for antibiotic production and is regulated by complex mechanisms 407 of glutamate synthetases (Rodríguez-García et al. 2009, Kavitha and 408 Vijayalakshmi 2009; Selvin et al. 2009; Saha et al. 2010; Vijayabharathi 409 et al. 2012; da Silva 2012) . Our study revealed 0.03% casein 410 concentration as the optimal for maximum antibiotic production. 
